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conduct the heat generated by the heat source (2) generating thermal energy away from the heat source (2) generating thermal energy 
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Method of installing heat source, and micr6 heat pipe module 

BACKGROUND OF THE INVENTION 

The invention relates to a method of installing a heat source 
5 generating thermal energy on a micro heat pipe module which comprises 
micro heat pipes for dissipating thermal energy generated by the heat source, 
in which method the heat source generating thermal energy is installed on one 
side of the micro heat pipe module. 

The invention also relates to a micro heat pipe module which 
10 comprises micro heat pipes for dissipating thermal energy generated by a heat 
source and which micro heat pipe module has a side on which the heat source 
generating thermal energy is installed. 

Cooling electronic components is an old problem which has become 
more and more pronounced with increasing integration intensities and power. 
15 New methods, such as heat pipes, have lately emerged along with 
conventional convection cooling. A standard heat pipe is typically a, copper 
cylinder several millimetres in diameter and about nine inches in length, 
emptied of air and partly filled with a working fluid. 

A heat pipe conducts thermal energy generated by a heat source, 
20 such as an electronic component, from one end of the heat pipe to another as 
latent heat from the change of phase of a working fluid in the heat pipe. The 
thermal heat generated by the heat source makes the working fluid boil and 
vaporise in the hot end of the heat pipe, i.e. the vaporiser of the heat pipe. 
Due to a generated pressure difference, the vapour moves to the other, cold 
25 end of the heat pipe, i.e. the condenser of the heat pipe, where the vapour 
surrenders it latent heat and returns as fluid back to the vaporiser driven by 
capillary forces. A heat pipe is an extremely efficient heat conductor, its 
effective thermal conductivity is typically 10 to 100 times better than that of 
copper. 

30 Until now, heat pipes have usually been installed in such a manner 

that for each heat source, such as an electronic component, there is one 
separate heat pipe conducting heat to a condenser. If one circuit board has 
several electronic components requiring cooling, placing heat pipes in an 
efficient manner is difficult, awkward and requires space. 
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f i • ■ ! This* problem has been -sbivisd^by means of micro heat pipe 

rhodules which comprise very small micro heat pipes placed side by side and 
• a binding agent. These have been used to even out temperature distribution, 
especially when the heat source is a local one and surrounded by an area 
• f 5 considerably cooler in temperature. The hfiicro heat pipe modules are usually 
attached between the heat source, iuch - as an electronic component 
; ^generating thermal energy, and another surface, such as a circuit board, 
* cooling plates or the body of an apparatus.- Micro heat pipe modules have 
been disclosed in US patent 5,527,588, for ihstance.- ■ 
10 The method has its limitations; hdweVer.' A micro heat pipe module 

1 has a limited: heat conducting ability! : When : a local heat 'load increases too 
much at a : Heat source, the micr6 v heat pipes cannot function due to a partial 
- 1 > drying- up, j fbr instatnce.Th such a case, the internal presstire> bf a micro heat 
1 pipe beneath a heat sob fee, such as* an 'electronic cbmpbhenty'increases too 
15 much arid fluid cannot for some reason return to * the vaporisation area driven 
by capillary forces. There are also several other reasons which may stop the 
heat pipes from functioning. They all have in 'common that 'there is too high a 
local heat load at a heat source, and if the heat Source is an electronic 
" component, the : result often is that it is destroyed. 

20 BRIEF DESCRIPTION OF THE INVENTION 

It is thus an object of the invention to develop' si method of installing 
a heat source generating thermal energy on* a micro' heat pipe module and a 
micrb heat pipe module so as to solve the above problems: : 

^ ' - The object' bMhe invention is achieved - by a method characterized 
25 in that the side of .the„ micro t heat pipe module, on which a heat source 
generating thermal energy is installed, is coated at least partly with a coating 
'hrVade of a heat conducting material, which coating is arranged to conduct the 
1 ' heat 'cjerierat^ the heat- 

generating hieat source along said side' of the micro heat pipe module and into 
30 the micro heat pipe module. 5 1 1 

" 'v "Preferred embodiments bf the method of the invention are set forth 

" in the dependent claims 2 arid 3. > ; : 

' ' 1 An arrangement of the invehtibn is in si corresponding manner 

: characterized in that the side of the micro heat pipe module- on which the 
35 heat-generating heat source is installed, is at least partly coated with a coating 
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mgde of a heat conducting material, which coating-is arranged to conduct the 
: . > ;5 Jneat generated t by- ther-heattgeneratipg heat source away : ,fre>m the heat- 
generating heat source along, said side: : of the micro heat pipe, r mpdule and into 
j the ; micro,heat r pipe modulei ~. .. ./*,..,>■: ^ 

:5 : „ - Preferred embodiments of the arrangement of the invention are set 

forth in the dependent claims 5 to 9. - • ^ 

< 0 The solution of , the invention - increases the maximum power 

transmission capacity of a micro heat pipe module -by reducing the local heat 
load at the heat source. ; : -<y- ; >c .r ■ 7 -U , : V- ~-v -■ i 
10 ; i r : The solution is -basest on the .use- of a coating, i.e. more exactly a 
. ;v thermal pre-levelling r material.; VVhen !; thermal energy ^generated by the heat 
sourpe diffuses along ; tfoe pre-Ievelling layer in ( lateral direction, the local heat 
Toad, on ; the top surface of ; the micro heat pipe .module at the,, heat source 
i decreases and the micro heat pipe module can function longer at a higher 
15> / component power before a. local operational limit is reached. ^ ; T 1 

- ; The coating can also act as a galvanicv insulation layer, and it can 
be machined; if necessary.; n -,:t - ; . > : 

? :: ;vln ; addition, it impossible to use. a more ex : t§nsiye material selection, 
such as plastics, as the cold?:surface in connection with the solution of the 
20 invention. 

r . BR^EF DESCRIPTION. OE THE FIGURES., ... . . 

/ , - In the following, The; invention means of 

preferred embodiments and ^ - with : reference tarthe ^attached ^drawing which 
shows a side view. schematic, of annicrqheat pipe, module of the invention. 

2$ DETAILED DESCRIPTION OF^ THE INVENTlOfsl * t ' ^ 'V'L ''' 

.. , The figure, shoyys .a ^micro Jieat .pipe, module. J .which comprises 
: micro. Jieat. pipes, 3, for. dissipating, thermal energy generated by,a heat source 
. i 2, such as arj ^electronic component. ,The f operation pf such a^micrp heat pipe 3 
is known per se and is, therefore, not described herein in more detail.,,, 
30. . . The r micro heat pipe, module 1., has a side 4 on which the heat 
source 2 generating thermal en^rgyjs installed., The figure shows a micro 
,; v , heat pipe module, 1.jn,. the shape of a rectangular prism, having six sides, of 
v which, at least one is intended for the heat source ; 2 generatiog thermal energy. 
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' ; f : The side 4 of . the micro heat pipe module 1, on which the heat 

" source 2 generating thermal energy is; installed, is at Ifeast partly coated with a 
■ Vi-- coating 5; . ." A - '■^•' v ) t" - * 

The coating 5 is made of a heat conducting material.? 
5 The coating 5 ?is arranged to conduct the heat generated by the 

heat source 2 generating thermal energy* away from the heat source 2 
generating thermal energy* along said side 4 of th.e micro heat pipe module 1 
^ and to the micro heat ; pipe module 1. >The coating 5 is thus arranged to 
distribute thermal energy from the heat sources 2 to>, a wider area and 
10 [ consequently; the local heat load peak : at , the heat source ? ,2 and in its 
- immediate vicinity becomes smaller, Due ^ to the distribution of the heat load 
from the heat source 2 generating. thermal energy by means of the coating 5 to 
a wider area and on therefrom to the micro heat pipe module 1, the micro heat 
" ■ ; ■> pipe module X is able to function longer at :a higher component power before 
15 reaching a local operational limit. .c ^. ; .> ■ > 

v^.'v- - > The side 4 of the micro heat pipe module 1, on which the heat 
r: i ' source 2 'generating thermal energy is^ installed, ^ preferably substantially 
' — completely coated with the coating 5. t-j: v 

; c-.r -c j;The heat source 2 generating thermal energy, is preferably installed 
20 on the coating 5 as shown in the figure. 

Several heat conducting materials can be used as the coating 5, 

and several coating techniques are possible. 

The heat conducting material of the coating 5 preferably comprises 

metal, preferably copper metal. Copper and copper metals are known for their 
25 good heat conductivity. A electrically conductive plane can be formed with a 

copper metal or another metal on the surface of the micro heat pipe module 1 , 

and the heat source 2 can be directly grounded to it. It is also easy to solder 

the heat source 2 to a copper metal, which provides an excellent heat 

conductivity and ground conductivity. 
30 The coating 5 can preferably comprise graphite or diamond-like 

carbon. 

The coating 5 can also act as a galvanic insulation layer which 
insujates various electronic components from each other and/or from the micro 
heat pipe module 1 so that electrical current cannot flow from one electronic 
35 component to another. 
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The'invention also relates to; a. method of installing a heat source 2 
- *- generating -thermal 'energy ! on t a - micro , heat pipe ..module" 1 which comprises 
micro heat pipes 3 for dissipating the thermal energy generated: by the heat 
source 2. r . ■ :■. ! c. - • vv .. 

In the -method, a heat source 2 generating thermal energy is 
installed on one side 4 of a micro heat pipe module 1 . 
^ - ■<* , In the method said side 4 of the micro heat pipe module 1 , on which 

- " the heat source 2 generating thermal ienergy is. installed, is at least partly 
coated with a coating Semade of a heat conducting materiabThe coating 5 is 
10 ^ arranged to: conduct the heat generated by; the heat r generating:heat source 2 
-.away from thetieat-generating heat source. 2 along ;said : side -4 of the micro 
~ heat pipe module 1- and to the micro heat pipe^rpodule ,1 . - r : ;■ 

. ' Said side:4 ispreferably coated: substantially. completely. 
> ; r;- or The • treat' source- 2-generating thermal energy is preferably installed 
15 on the coating 5. i~\ "r- .v.* ' v; :■ c { rf: .-v< 

, . It is. obvious, to. a ; person skilled in the grt that while technology 
■■" % advances;, the basic idea of, the; invention i; jcan be implemented in many 
different ways. The invention and its embodiments^are thus n$t restricted to 
the examples described aboversbut can;vary.,within ; the scope of the claims. 
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1. A method of installing a heat source (2) generating thermal 
n ; energy on a micro heat pipe 'module (1) . which comprises micro heat pipes (3) 
for dissipating the thermal energy generated by the heat source (2). in which 
5 method . <. 

■■..it a heat source (2) generating thermal energy is installed on one side 

(4) of the micro heat pipe module (1),. 

characterized by ■;... i- : 

coating at least partly the side :(4),Pfr;the micro heat pipe module (1), 
10 on which the heat source (2) generating thermal energy is installed, with a 
coating (5) made of a heat conducting material, which coating (5) is arranged 
to conduct the heat generated by the heat-generating heat source (2) away 
from the heat-generating heat source (2) along said side (4) of the micro heat 
pipe module (1) and to the micro heat pipe module (1). 
15 2. A method as claimed in claim 1, characterized in that 

said side (4) is coated substantially completely. 

3. A method as claimed in claim 1 or 2, characterized in 
that the heat source (2) generating thermal energy is installed on the coating 

(5) . 

20 4. A micro heat pipe module (1) which has micro heat pipes (3) for 

dissipating the thermal energy generated by the heat source (2) generating 
thermal energy, and which micro heat pipe module (1) has a side (4) on which 
the heat source (2) generating thermal energy is installed, 
characterized in that 

25 the side (4) of the micro heat pipe module (1), on which the heat 

source (2) generating thermal energy is installed, is at least partly coated with 
a coating (5) made of a heat conducting material, which coating (5) is 
arranged to conduct the heat generated by the heat-generating heat source 
(2) away from the heat-generating heat source (2) along said side (4) of the 

30 micro heat pipe module (1 ) and to the micro heat pipe module (1). 

5. A micro heat pipe module as claimed in claim 4, 
characterized in that the side (4) of the micro heat pipe module (1 ), on 
which the heat source (2) generating thermal energy is installed, is 
substantially completely coated with the coating (5). 
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6. A micro heat pipe module as claimed in claim 4, 
characterized in that the coating (5) comprises frietal, preferably 
; ^ : * v ■ T cdpper. - - s v.\x ■*...■»-■ 

- " ; ; - 7. A micro' ' heat *pipe module ' as claimed in claim 4, 

5 -characterize d in that "the coating (5) comprises graphite. 

8. A micro heat pipe module as claimed, in claim 4, 
" characterized iri that the coating (5) comprises diamond-like carbon. 

9. A micro heat pipe module as. claimedf in claim 4, 
characterized in that the heat source (2) generating thermal energy is 

10 - ihstalled' ori the ob&ting (5)j i ^ - • .-is ^ - 
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